Abstract. It is well known those two popular methods of testing; destructive testing based on fracture mechanics and non-destructive testing (NDT) which does not make any damage in the specimen. NDT was first used for military purpose but nowadays it is used widely in many fields such as composite materials, medical purposes, fire safety, laser welding, food safety and quality and characterization of materials. The aim of this paper is to review the recent advancement of thermography non-destructive methods especially in testing a quality of bio-composites materials. The review reveals the advantages and disadvantages of pursuing any of the available methods in NDT on bio composite materials.
Introduction
The structural integrity of materials, components and structures has to be assessed for quality control, safety regulations and product specifications. Numerous testing techniques have been developed for maintenance and condition monitoring. These techniques can be categorised into two main classes: destructive testing, based on fracture mechanics, and non-destructive testing which leaves the inspected component undamaged. The most commonly used NDT methods in industry include visual inspection, liquid penetrant inspection, magnetic particle inspection, eddy current testing, alternating current potential drop, alternating current field measurement, ultrasonic testing , radiography and thermography. The principal objective of a non-destructive examination (NDE) is to provide the inspector with quantitative as well as qualitative information. This is achieved by detecting, locating and sizing any detected flaws. Several types of defect exist, for example cracks, voids, corrosion, inclusions, delamination, impact damage and holes [1] .
Infrared Thermography. Infrared thermography is the mapping of isotherms over the surface of a component using heat-sensitive devices. An infrared camera scans the surface of a component and records any changes in temperature. The presence of a defect appears as a cold or hot spot and can be rapidly located. Very often, the component inspected has to be pre-heated before inspection. Thermography is a non-contact method which provides rapid visual qualitative information about the structural integrity of a material. It is used for condition monitoring of composite materials and concrete and to check alignment of parts [1] . In numerically modelling the thermographic process associated with an infrared (IR) technique we can afford inspectors the ability to predict subsurface defect information associated with a specific material configuration [2] . Infrared thermography (IRT) provides colorful images ( Fig.1 ) of specimens where local changes in surface temperature indicate subsurface defects. Although thermography provides colorful images, it provides a clear linkage between the true size of a defect and its thermographic image [3] . Pulsed transient thermography and lock-in thermography are the most commonly used thermographic NDT&E techniques. The two techniques are distinctly different but are used for very similar component/structure inspection applications [4] . Pulsed phase thermography (PPT) approach was introduced for non-destructive evaluation (NDE) in infrared thermography (IRT) applications a few years ago as an interesting signal processing technique. This approach combines somehow the pulsed acquisition procedure of the pulsed thermography (PT) with the phase/frequency concept of "lockin thermography (LT)" or modulated thermography (MT) for which specimens are submitted to a periodical excitation [5] .
Thermography Fundamentals. Any object emits by radiation energy according to its surface temperature. Human eyes are struck by such energy only when the object is warm enough and emits in the visible band (0.4-0.8 ߤm). For low temperature values falling in the infrared region, thermography provides us with artificial eyes and gives us a chance to see invisible radiation. An infrared (IR) system basically includes a camera, equipped with a series of changeable optics, and a computer. The core of the camera is the infrared detector, which absorbs the IR energy emitted by the object (whose surface temperature is to be measured) and converts it into electrical voltage or current [6] . However, the energy really detected (by the infrared detector) depends on the emissivity coefficient of the surface under measurement and on the environment since a fraction may be either added as reflected from the surroundings either absorbed by the atmosphere between the object and the camera. To take into account these factors, calibration of the system by simulating real operating conditions has to be performed. The calibration function:
relays the real amount of detected energy flux W to the emissivity coefficient ε and to the surface temperature T of the object through the calibration constants A, B and C which take into account spurious quantities of energy from, or to, the environment [6] . After heating a surface, attenuated and dispersive waves are found inside the material close to the surface region. These waves are called ''thermal waves'' and were first investigated by the French mathematician J. Fourier and the Swedish physicist A.J. _A. Angstrom. Interestingly, these waves can be generated and detected remotely as in IRT [6] . For a semi-infinite specimen (planar specimen) onto which a uniform source deposits periodically heat with a modulation of angular frequency ߱, the mathematical study is reduced to a one dimensional problem and the equation describing the resulting temperature T as function of depth z and time t due to this stimulation is expressed as:
where µ is the thermal diffusion length expressed by:
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with thermal conductivity k, density ߩ, specific heat C, modulation frequency ߱ in rad/s (߱ ൌ 2ߨ݂ with f the frequency in Hertz), thermal diffusivity ߙ and thermal wavelength ߣ defined as ߣ ൌ 2ߨߤ [7] . As for the propagation speed of these waves, it is obtained from previous equations as [5] :
4 As it is seen in Eq. (3), ߤ is inversely proportional to ߱. This indicates that high modulation frequencies limit the analysis to a close to the surface region while low frequency thermal waves propagate deeper but slowly (Eq. (4)) [5] .
Pulsed Thermography. Pulsed thermography or pulsed transient thermography (PT) (Fig. 2) is an established thermal imaging technique that is used for NDE. It is based on thermal heat transfer that occurs during the cooling or heating of the item subjected to pulse heating [8] . In PT the specimen is pulsed heated and the following temperature decay is then recorded. Common heating sources are lamps, flashes, heat gun, etc [5] . The duration of the pulse is variable from ms to s depending to the thickness of material to be probed and its thermal properties [3] . PT was employed for the detection of disbands in bonded composite repair patches, although previous studies have demonstrated the capability of this technique to detect delaminated and disbanded areas in repair patches, such studies have focused on simulated flaws rather than real ones. However, PT has some limitations. One of the observed limitations in PT inspection of bonded patch repairs is sensivity of the technique to edge effects due to the tapered patch geometry. Another observed limitation of the PT is due to the variation in thermal properties inherent to adhesive bonded repairs caused by changes in adhesive or patch thickness [8] . Lockin Thermography. Since most NDT applications rely on a temperature difference between defective and healthy parts, artifacts (local non-uniform emissivity of the surface, air turbulence, environmental reflections, etc.) can lead to misinterpretation of the results. Also, materials with high thermal conductivity (diffusivity) are subject to too rapid propagation that results in poor image contrast. IRT detection capacity has been progressively improved using a lock-in technique (Fig. 3 .The idea behind lock-in IRT is that temperature modulation induced at the surface of the inspected component from the outside propagates as a harmonic thermal wave. As this wave undergoes reflections at the boundaries just like any other wave, the surface phase is modified by thermal waves coming back from the inside of the material. The modified thermal waves are captured by the infrared camera, and the resulting changes in the thermal image can be analyzed to separate actual signals from by-signals. Lock-in IRT allows better defect inspection than common IRT and it is less sensitive to environmental conditions [3] . Modulated photothermal thermography or lock-in thermography -has been set-up for plasma facing components examination. No mechanical contact, no physical coupling nor cooling is required for this technique. Furthermore, the phase-shift is not dependent on optical properties of the sample or on the heat flux deposition pattern, usual difficulties in thermography [9] .
Pulsed Phase Thermography (PPT). Mathematically, a pulse can be decomposed into a multitude of individual sinusoidal components. In that respect, when a specimen is pulse heated, thermal waves of various amplitudes and frequencies are launched into the specimen, in a transient mode as discussed before. Going back and forth between temporal and frequency domains is possible with mathematical tools such as the well-known Fourier transform. . Fig.4 shows an example of correspondence between these domains. In fact for PT, thermal waves of different frequencies are launched in the specimen simultaneously in the transient regime while in LT, one thermal wave of single frequency is tested in stationary regime. The possibility to link both techniques was then found interesting and this was called pulsed phase thermography processing (Fig.5) [5] ൌ Re ୬ iIm ୬ (5) Where i is the imaginary number, Re and Im are respectively the real and imaginary parts of the transform and subscript n designates the frequency increment. First, the time evolution of each pixelሺ‫,ݔ‬ ‫ݕ‬ሻ in the field of view is extracted as a vector ܶሺ݇ሻ of n values. Next, Eq. (5) is applied to compute the real ܴ݁ and imaginary ‫݉ܫ‬ parts. Amplitude ‫ܣ‬ and phase ߶ are finally computed with:
The fact PPT sorts available information coherently in term of frequencies brings interesting features with respect to the more traditional contrast approach used in PT [5] .
Application of Infrared Thermography. There is a wide range of applications for infrared thermography, such as Characterization of materials and Defect characterization [6] , Analysis of fatigue damage processes in welded joints [10] and etc. Another application is in composites or more specifically in bio-composites. Cellulosic fiber reinforced polymeric composites are finding applications in many fields ranging from construction industry to automotive industry. Biocomposites or cellulosic fibers have natural base. The use of such materials in composites has increased due to their relative cheapness, their ability to recycle and for the fact that they can compete well in terms of strength per weight of material [11] .
There are so many defects caused during manufacturing process or after that, which can affect the reliability of the bio-composites applications. Therefore NDT is a suitable method to detect the defects.
Infrared Thermography in Bio-Composites.. The use of biofibers reinforced composites has extended to almost all fields, such as Soybean oil in dielectric [11] , Plastic/wood fiber composites in molded panel components [11, 12] and etc. Since infrared thermography is able to determine the surface defects and in some cases sub-surface defects, it can be used widely for determination of any kind of defects such as cracks, voids, bubbles, etc. in bio-composites. Post-impact damage characterization of hybrid configurations of jute/glass polyester laminates using acoustic emission and IR thermography determine that the combined use of two NDT techniques, acoustic emission and pulse thermography, offered means for a sounder comparison of the performance of two different configurations of E-glass/jute hybrid laminates in terms of falling weight impact resistance [13] .
Summary
Infrared thermography as a NDT technique which was more specifically studied, has an application in defect detection of bio-composites, therefore some advantages and disadvantages of biocomposites with the applications of them was discussed. Still infrared thermography application in bio-composites needs more study. Since thermography is a surface method for detecting any inhomogeneities in the sample, the thickness of the sample has an important role.
